We studied several factors affecting biologicalvariation in serum acid phosphatasesin a populationof 1195 apparently healthy subjects four years old or older. We assayed total acid phosphatase activities in the presence of a transphosphorylating agent and using alpha-naphthyl phosphate as substrate. The main factors modifying total and tartrateresistantacid phosph#{224}tases activitiesin serum are similarto those observed for total and bone alkaline phosphatases activities:age, sex, and hormonalstate (puberty or menopause). The tartrate-inhibitedacid phosphatase activity is, however, independent of biological variations. Finally, we propose reference limits for total, tartrate-resistant, and tartrate-inhibitedacid phosphatasesin serum. (6) (7) (8) (9) , and has been proposed as a marker of bone metabolism (10, 11). The importance of knowledge of biologicalvariation factors in interpretation of clinical laboratory tests is now well recognized, and several studies have noted the influence of age on ACP activity (12-15). However, relatively few authors have studied the changes in ACP activity as a function of the physiological state. Thus our objectives here were to find out which biological-variation factors (excluding drugs) affect the activity of ACP, to quantify the effects of these factors, and to define reference limits for total, tartrate-resistant, and tartrate-inhibited ACP in serum.
Materials and Methods

Samples
Blood was sampled between 08.00 and 09.00 or between 12.00 and 13.00 hours (before the midday meal) from the antecubital vein of supine subjects, with use of a tourniquet for as short a time as possible. The blood was collected into polystyrene tubes (one containing lithium heparinate, one with no anticoagulant), via a plastic tube, and without use of a syringe.The heparinized tubes were immediately centrifuged for 10 mm at 2700 x g and the plasma thus obtained was quickly separated from the cells and used for determinations of alkaline phosphatase activities and phosphate concentrations within the following 3 h. The tubes without anticoagulant were left standing at room temperature for 'Centre de Medecine Preventive, 2 Avenue du Doyen Jacques Parisot, 54500 Vandoeuvre-les-Nancy, France.
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the minimum time required for complete coagulation. They were then promptly centrifuged at 2700 x g for 10 mm after the clot was freed from the sides of the tube with a glass rod, if necessary. The serum was rapidly separated from the cells and was analyzed for ACP activities within the following 2 h. Hemolyzed and (or) icteric specimens were eliminated, to avoid possible analytical interferences (16, 17). about a third of our population sample consisted of children four to 14 years old. These subjects had fasted overnight or for at least 5 hand were taking no drugs (including oral contraceptives).
AnalyticalMethods
Statistics
The hypothesis that the distributions conform to a gaussian law was verified by ax2 fit test for the various subgroups (adults and children) of the population sample. For the statistical analysis of the parametric data we used Student's t-test for unpaired data, Welch's test, and the FisherSnedecor F-test.
Results
Analytical Variations
Short-term and long-term analytical variations were monitored by use of lyophilized control serum and pooled specimens of human serum. Within-run repeatabiities were 0.5% to 0.8% (means from 17.7 to 4.1 U/L, respectively) for total ACP, 0.5% to 1.8% (means from 9.2 to 1.9 U/L, respectively) for tartrate-resistant enzyme, and 1.9% to 2.3% (means from 8.2 to 2.2 U/L) for tartrate-inhibited ACP.
The coefficients of day-to-day variation were quite acceptable: 4.7%, 6.0%, and 7.2% (means 17.3,8.7, and 8.6 UIL) for total, tartrte-resistant, and tartrate-inhibited ACP, respectively.
Biological Variations
Descriptive analysis of the population distributions. The frequency histograms of total, tartrate-resistant, and tartrate-inhibited ACP in serum are shown in Figure 1 for males and in Figure 2 for females. Each group of the population, males and females, was divided into two subgroups, one with children four to 19 years old, and one with adults of 20 years and more. The distributions for most of these subgroups of subjects are symmetrical and follow a Tartrate.inhibited ACP UU. Sexual maturation also affects serum ACP activity. Thus, the mean values for total and tartrate-resistant ACP are clearly lower for girls between 12 and 15 years old who have reached the menarche than in girls of the same age who have not. Activities in pre-menarche girls are greater by about 31% (P <0.001) for the total ACP activities, and by about 52% (P <0.001) for the tartrate-resistant enzyme. There is no statistically significant difference for the tartrate-inhibited ACP (Table 1) . During adulthood, no statistically significant age-related difference was observed in men for either total, tartrateresistant, or tartrate-inhibited ACP activities. For women, values for total and tartrate-resistant ACP do not change between 20 and 49 years. For women older than 50 years, total ACP activities increase significantly from 3.1 ± 0.7 UIL (women 40-49 years) to 3.4 ± 0.7 UIL (P <0.01) and the tartrate-resistant fraction from 1.9 ± 0.4 U/L to 2.2 ± 0.6 UIL (P <0.001). This increase seems to be related mainly to menopause, as Table 2 shows. ACP activity in serum of post-menopausal women significantly exceeds (P <0.01) that in pre-menopausal women by about 20% and 26% for the total and tartrate-resistant ACP, respectively. The tartrate-inhibited ACP activity is not related to age or sex. Values for total and tartrate-resistant ACP are slightly but significantly (0.01 <P <0.001) higher for males than for gaussian pattern (as assessed by x2test, P >0.05), whether total, tartrate-resistant, or tartrate-inhibited ACP is considered. The distribution was non-gaussian only in women older than 19 years old for total (P = 0.01) and tartrateresistant ACP (0.005 <P < 0.01), and in boys four to 19 years old for the tartrate-inhibited ACP (0.005< P < 0.01). The values for children clearly are higher than for adults, both for total ACP and the tartrate-resistant fraction. For adults, the ACP activities ranged from 1 to 5.5 UIL for total ACP and from 0.1 to 4.0 UIL for the tartrate-resistant fraction; for children four to 19 years old, the values ranged from 1.5 to 8.3 U/Landfrom0.4to 6.7 UfLforthetotal and tartrate-resistant ACP, respectively. Under these conditions, it is clear that the frequency histograms for the whole population, including adults and children, show skewed distributions for total and tartrate-resistant ACP. The tartrate-inhibited ACP activities measured in children and adults are comparable, and range from 0.1 to 3 U/L.
Variations according to age and ses. The variances observed in the different compared subgroups were similar (not significant by F-test). Under these conditions, the degree of statistical significance given by Student's t-test and Welch's test was identical. Therefore, we only present statistical data obtained with the t-test.
During childhood and adolescence, total and tartrateresistant ACP in serum change in parallel (Figure 3) . For males, the value of the median of the total ACP activity decreases significantly from 5.4 UIL in children four to nine years old to 3.4 U/L in adults of 20 to 29 years (corresponding mean values: 5.3 ± 0.8 U/L to 3.4 ± 0.9 U/L, P <0.001), and from 3.8 to 2.1 UIL (means: 3.9 ± 0.6 U/L to 2.1 ± 0.6 U/L, P <0.001) for the tartrate-resistant fraction. The observed changes in females (for the same classes of age as for males) are similar, with a decrease from 5.4 to 2.8 UIL (means: 5.3 ± 1.0 U/L to 2.9 ± 0.6 UIL, P <0.001) for the total enzyme activities, and from 3.8 to 1.8 UIL (means: 3.9 ± 0.8 U/L to 1.8 ± 0.4 UIL, P <0.001) for the tartrateresistant ACP. The tartrate-inhibited ACP shows no statistically significant variation with age. females 10 to 49 years old. There is no statistically significant sex-relateddifferenceafter 50 years of age, because of the increase of ACP activity in women over 50 years old.
The degree of overweight, as calculated by Lorenz's formula (20) seems to not influence ACP activity (data not shown).
Effects of drugs and xenobiotics (including alcohol and tobacco) were not studied.
Reference Limits
Reference limits for 95% of our population sample were defined according to the recommendations of the Soci#{233}t#{233} Francaise de Biologie Clinique (21) .
Subjects drinking more than 44 g of alcohol per day, smoking more than 15 cigarettes per day, or more than 20% overweight according to Lorenz's formula were excluded. Subjects were fasting and were taking no drug, including oral contraceptives. Reference limits by age and sex for total serum tartrate-resistant and tartrate-inhibited ACP at percentiles 2.5, 50, and 97.5 are summarized in Tables 3 to 5 .
Correlations with Other Biological Factors
We established coefficients of correlation between total, tartrate-resistant, and tartrate-inhibited ACP and some biological factors known to be related to growth: alkaline phosphatase (EC 3.1.3.1) and phosphate. The alkaline phosphatase activities and the phosphate concentrations were measured in plasma derived from the same blood specimen as the serum used for ACP determinations (see Materials and Methods).
For children 4 to 20 years old, coefficients of correlation (P <0.001) were highly statistically significant between total ACP and alkaline phosphatase (r = 0.53 for boys, r = 0.59 for girls) and between the tartrate-resistant fraction and alkaline phosphatase (r = 0.56 for boys, r = 0.64 for girls). Results were similar for the coefficients of correlation between total ACP and phosphate (r = 0.46 for boys, 0.62 for girls) and between tartrate-resistant ACP and phosphate (r = 0.45 for boys, 0.61 for girls).
For adults older than 20 years, the coefficients of correlation between total ACP and alkaline phosphatase were lower for men (r = 0.15, P <0.01) than for women (r = 0.38, P <0.001). Between tartrate-resistant ACP and alkaline phosphatase, the coefficient of correlation was not significant in the case of men (r = 0.11), but highly significant in the case of women (r = 0.33, P <0.001). There was no significant correlation between phosphate and total and tartrate-resistant ACP in adults. The tartrate-inhibited enzyme did not correlate significantly with alkaline phosphatases and phosphate in any group of the population.
Several authors have noted the importance of the influence of age in the interpretation of results for total and tartrate-resistant ACP activities, particularly in children (12) (13) (14) (15) . In this paper, we have tried to identify the main biological variation factors affecting total, tartrate-resistant, and tartrate-inhibited ACP activities in serum. From these data, we have established reference limits for total ACP and the two fractions.
None of the biological factorsof variation that we studied influenced values for tartrate-inbibited ACP-in particular, age and sex had no effect. This suggests that the tartrateinhibited fraction, as measured in a presumably healthy population, could not reflect the concentration of circulating prostate-derived isoenzyme. We observed no linear correlation between the results of the measured tartrate-inhibited ACP activities and those obtained by immunoenzyme assay for the same serum specimens in a subpopulation sample of 111 healthy subjects(adultsand children, both sexes). The means (and SD) were 1.1 (0.42) U/L (tartrate-inhibited Prepuberlal girls, bpjJ girls, cpremenopausal women, dp menopausalwomen. 
